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Effect of Epidural Neuraxial Blockade-dependent
Sedation on the Ramsay Sedation Scale and 
the Composite Auditory Evoked Potentials 
Index in Surgical Intensive Care Patients
Chueng-He Lu, Jia-Lin Chen, Ching-Tang Wu, Wen-Jinn Liaw, Chun-Chang Yeh, 
Chen-Hwan Cherng, Chih-Shung Wong*
Background/Purpose: Peripheral deafferentation induced by neuraxial anesthesia reduces the degree of
cortical arousal. This study investigated whether epidural analgesia blockade decreased sedation, as mea-
sured by the rapidly extracted auditory evoked potentials index, A-line autoregressive index (AAI) and
Ramsay Sedation Scale (RSS) in sedated surgical intensive care patients, and looked at whether this was a
concentration-dependent effect of lidocaine.
Methods: Forty patients underwent major lower abdominal surgery and received epidural analgesia in the
surgical intensive care unit. Patients were continuously sedated with propofol to achieve an RSS value of 3,
randomly divided into two groups, and received epidural analgesia with 10 mL of 0.5% or 1% lidocaine.
Sedation was evaluated using the RSS and AAI, and analgesia was evaluated using a visual analog scale
(VAS). RSS, AAI, electromyography (EMG) activity of AAI and VAS values were recorded at 5 minutes 
before and 30, 60 and 90 minutes after epidural lidocaine administration.
Results: Epidural 0.5% lidocaine produced a reduction of AAI, EMG and VAS at 30, 60 and 90 minutes
after administration. For 1% epidural lidocaine administration, AAI, EMG and VAS were also reduced at
30, 60 and 90 minutes after epidural lidocaine administration. However, there was no difference in the
AAI between the two concentrations; moreover, no significant change was observed in the RSS.
Conclusion: Epidural lidocaine analgesia could potentiate sedation in patients evaluated by the AAI, but had
no effect on the RSS. The present study suggests that the AAI could provide an objective and more precise
index than the RSS in evaluation of sedation level in patients who are undergoing epidural pain management
in the intensive care unit.
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Neuraxial anesthesia produces a sedative and
anesthetic-sparing effect.1–4 Regional anesthesia
affects the degree of subcortical arousal via two
mechanisms. The most important mechanism is
ablation of nociceptive afferent traffic that de-
creases the arousal with surgical stimuli. A second,
more subtle effect is via peripheral deafferenta-
tion, where arousal is reduced even in the absence
of any surgical stimulus. Several studies have in-
vestigated the effects of regional anesthetic tech-
niques on arousal (in the setting of no surgical
stimulus). Thoracic epidural blockade has been
shown to reduce the minimum alveolar concentra-
tion (MAC) of sevoflurane,1 and reduce the dose re-
quired to achieve a bispectral index score (BIS) of
less than 50.2 Similarly, the degree of sedation ob-
served in the presence of epidural blockade is de-
pendent on the extent of the blockade.3 Epidural
ropivacaine has also been shown to decrease BIS in
awake and anesthetized patients.4 Evidence for
such a reduction is limited in the surgical intensive
care unit (ICU), because of the lack of a reliable and
objective measurement for the depth of sedation.
Auditory evoked responses have been exten-
sively studied in association with the depth of 
sedation.5 The middle latency of the evoked audi-
tory responses is reduced in amplitude and ele-
vated in latency with increased sedation. The AEP
Monitor/2 (Danmeter A/S, Odense, Denmark), a
recently commercialized system for monitoring
depth of anesthesia, extracts the middle latency
auditory evoked potential (AEP) from the electro-
encephalography signal using an autoregressive
model with an exogenous input adaptive method.6
A monitoring index that indicates the patient’s
hypnotic state, the so-called composite A-line au-
toregressive index (AAI), is then calculated from
the middle latency AEP and electroencephalog-
raphy. Earlier studies have indicated that an AAI
value of 15–25 is adequate to ensure an appro-
priate anesthetic effect.7,8 Our previous data9 re-
vealed that an AAI value of more than 60 indicates
a patient fully awake or under minimal sedation,
values between 60 and 40 are suggestive of light
to moderate sedation, values between 40 and 25
are associated with deep sedation, and readings
between 25 and 15 are also satisfactory for sur-
gery.9 Only two studies to date, including our pre-
vious one, have investigated the role of AEPs in
critically ill patients, and both have revealed that
the AAI correlates well with the Ramsay Sedation
Scale (RSS) and is useful for assessment of seda-
tion level in surgical intensive care patients.9,10
To the best of our knowledge, no previous
study has investigated the effect of epidural seda-
tion on AEP monitoring in the ICU setting. The
aim of the present study was to assess the effect
of epidural analgesia on consciousness level, as
measured by AAI and RSS, of patients who are
undergoing epidural lidocaine pain management
in the surgical ICU.
Materials and Methods
This study was approved by the Institutional Re-
view Board of Tri-Service General Hospital, Taipei,
Taiwan. Written informed consent was obtained
from all patients or their guardians before enroll-
ment in the study. We studied 40 patients who
underwent major lower abdominal surgery and
were scheduled for postoperative intensive care.
Epidural pain control was given for postoperative
analgesia. Exclusion criteria were known neurolog-
ical diseases, encephalopathy, hearing impairment
or defect, hemodynamic instability, hypothermia
(tympanic temperature < 36°C), and recent (< 3
hours) administration of muscle relaxant before
the study period.
The epidural catheter was placed preoperatively
in the operating room. The epidural space was
identified with an 18-gauge Tuohy needle, with the
bevel directed cephalad via the midline approach
at the T12–L3 vertebral interspace, and an epidural
catheter (Portex Inc., Keene, NH, USA) was ad-
vanced 5 cm into the epidural space. Choice of
vertebral level for epidural puncture was at the
discretion of the anesthesiologist who was caring
for each patient.
After arrival in the ICU, patients were sedated
with a continuous infusion of propofol, as adjusted
by the patient’s nurse and deemed adequate by
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the attending physician. Analgesia was provided
by continuous infusion of fentanyl, according to
patient’s need, as assessed by the ICU physician
in charge. All the patients included in the study
were extubated on the next day in the surgical
ICU. After extubation, patients were sedated by
continuous propofol infusion and the dose of
propofol was adjusted by the nurse in charge, who
was blinded to the group allocation, to keep the
initial RSS score at 3. The initial propofol infusion
rate was not altered during the study period and
the end points were the change in RSS and AAI
values after administration of epidural lidocaine.
Those research staff not directly involved in pa-
tient care evaluated the patients and determined
their eligibility for the study at least 1 hour after
suspending fentanyl infusion.
Care of the patients conformed to standard
procedures currently used in our ICU, including
standard equipment monitoring with continu-
ous electrocardiography, invasive arterial blood
pressure monitoring, pulse oximetry, and the ad-
ditional use of AEP monitoring. The AAI was re-
corded using the AEP Monitor/2 (Danmeter A/S;
software version 1.6) and AAI electrodes were
placed on the left side of the forehead of the pa-
tients, according to the manufacturer’s specifica-
tions. Patients were randomly divided into two
groups to receive epidural analgesia with 10 mL
of 0.5% or 1% lidocaine. Five minutes before
epidural lidocaine administration, the RSS and
pain visual analog scale (VAS) for each patient
were assessed by the nurse in charge, without clin-
ical stimulation to any of the patients (baseline).
The AAI and electromyography activity (EMG) 
of the AAI were simultaneously recorded (base-
line), then a 10-mL epidural pain regimen was
given by the attending physician in charge via the
epidural catheter, followed by the same solution
at a rate of 6 mL/hr for 90 minutes. Fifteen minutes
after the initial injection, the upper level of loss
of cold sensation was determined using an alco-
hol-soaked swab to confirm successful epidural
block. Then, the RSS, VAS, AAI, and EMG of AAI
were determined and recorded at the post-epidural
30, 60 and 90-minute time points.
Sample size was determined by power analysis
for the χ2 test based on the variability observed in
our preliminary study (standard deviation, 11)
with a power of 80% and a confidence interval of
95%. A minimal sample of 26 patients (13 in each
group) met these criteria. All data are expressed as
mean ± standard deviation. Comparison of hemo-
dynamic variables was performed using a paired
Student’s t test. Comparison of RSS and AAI val-
ues was performed using the Wilcoxon signed
ranks test. Correlations of AAI and EMG were
computed according to the method of Spearman
(rs), and correlations of AAI, EMG of AAI and
VAS were expressed as Kendall correlation coeffi-
cients (t). Statistics were calculated using standard
statistical software SPSS version 10.0 (SPSS Inc.,
Chicago, IL, USA) and SigmaPlot version 8.0
(Systat Software Inc., San Jose, CL, USA). A p value
< 0.05 was considered statistically significant.
Results
Of the 40 patients recruited, four were excluded
from analysis because of protocol violations or
technical failure, which left 36 patients. Patient
characteristics and baseline measurements were
Table 1. Patients characteristics*
Lidocaine Lidocaine 
0.5% group 1% group
Age (yr) 59.5 ± 11.0 57.7 ± 14.2
Sex, male:female 13:5 12:6
Baseline RSS 3.0 ± 0.0 3.0 ± 0.0
Propofol infusion 8.3 ± 4.2 8.7 ± 3.4
rate (mL/hr)
Baseline AAI 60.1 ± 8.6 59.6 ± 9.2
Baseline EMG-AAI 88.2 ± 8.0 87.1 ± 10.2
Baseline VAS 7.5 ± 1.0 7.9 ± 1.0
APACHE II score 10.9 ± 2.0 10.5 ± 2.7
TISS 18.8 ± 3.5 17.6 ± 3.0
*Data presented as mean ± standard deviation, all scores were
obtained at study initiation; RSS = Ramsay sedation scale; AAI =
A-line autoregressive index; EMG = electromyographic activity;
VAS = visual analog scale; APACHE II = Acute Physiology and
Chronic Health Evaluation II; TISS = Therapeutic Intervention
Scoring System.
and VAS values at 5 minutes before, and 30, 60
and 90 minutes after 0.5% lidocaine injection,
respectively (AAI: t= –0.183, p = 0.403; t= –0.405,
p=0.054; t= –0.251, p=0.232; t=–0.303, p=0.156)
(EMG: t= –0.086, p = 0.698; t= –0.279, p = 0.191;
t = –0.313, p = 0.142; t = –0.121, p = 0.581). Poor
correlation was also found between AAI, EMG and
VAS values at 5 minutes before, and 30, 60 and 90
minutes after 1% lidocaine injection, respectively
(AAI: t = –0.278, p = 0.211; t = –0.344, p = 0.105;
t= –0.068, p = 0.749; t= –0.149, p = 0.486) (EMG:
t=–0.337, p=0.119; t=–0.258, p=0.228; t=–0.123,
p = 0.565; t = –0.367, p = 0.087).
Discussion
To the best of our knowledge, this is the first study
to examine the effect of epidural analgesia on AAI
in intensive care patients. We found that epidural
lidocaine analgesia produced satisfactory pain
relief with a concomitant reduction in AAI level.
This is consistent with previous studies that have
shown that neuraxial blockade reduces electroen-
cephalogram variable scores and anesthesia requi-
rement.2,8,11,12 Neuraxial blockade has been shown
to produce sedation. Pollock et al found that
spinal anesthesia produced significant sedation in
volunteers when compared with control placebo
subjects, as measured by observer’s assessment of
alertness/sedation scale and BIS.11 Although the
direct sedative effect of epidural anesthesia is not
known, its volatile anesthetic- and sedative-sparing
effects have been reported. Tverskoy et al found
that epidural bupivacaine reduces the requirement
for intravenous midazolam for sedation compared
with patients who receive intramuscular saline or
bupivacaine injection.12 Hodgson and Liu applied
BIS to monitor depth of anesthesia and found that
epidural lidocaine anesthesia reduces the MAC of
sevoflurane by 50% compared with epidural saline
injection.2 This is similar to our previous study
that showed that epidural lidocaine reduced the
amount of desflurane required for general anes-
thesia by 42%, as measured by AEP with an AAI
value of 20 ± 5.8
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similar in the two study groups (Table 1). Epidural
analgesia using both lidocaine solutions was in-
jected at similar epidural sites, which produced a
demonstrable block in every patient (Table 2).
The upper levels of sensory block to cold 15 min-
utes after the bolus injection were similar in the two
groups (Table 2). The propofol infusion rate was
also similar in the two study groups during the
study period (0.5% epidural lidocaine group =
8.3 ± 4.2 mL/hr; 1% epidural lidocaine group =
8.7 ± 3.4 mL/hr). After administration of epidural
lidocaine, hemodynamic (Table 3) and respiratory
responses remained stable throughout the study.
Epidural lidocaine (0.5%) administration pro-
duced a reduction in AAI (60.1±8.6 vs. 47.4±11.6,
46.9±11.8, and 47.9±12.0; p<0.05), EMG (88.2±
8.0 vs. 76.8 ± 15.6, 76.6 ± 13.1, and 74.8 ± 11.2; p <
0.05) and VAS (7.5±1.0 vs. 3.7±1.1, 3.7±1.1, and
3.4 ± 1.0; p < 0.05) values at 30, 60 and 90 minutes
after drug injection when compared with baseline
(Table 4, Figure). Similarly, 1% epidural lidocaine
administration also decreased the AAI (59.6 ±
9.2 vs. 44.4 ± 14.6, 46.8 ± 12.9, and 47.5 ± 13.1;
p < 0.05), EMG (87.1 ± 10.2 vs. 75.4 ± 18.7, 72.7 ±
13.6, and 76.7 ± 17.4; p < 0.05) and VAS (7.9 ± 1.0
vs. 3.7±1.1, 3.5±1.0, and 3.5±1.0; p <0.05) values
at 30, 60 and 90 minutes after lidocaine injection,
whereas there were no significant changes in the
RSS values at both concentrations (Table 4, Figure).
There was a significant correlation between AAI
and EMG values (rs =0.67, p<0.006). Comparison
of AAI and EMG values revealed a poor degree of
correlation (Kendall’s t) between the variables
Table 2. Epidural site and upper dermatomal level
of loss of cold sensation*
Lidocaine Lidocaine 
0.5% group 1% group
Epidural site
T12-L1 10 12
L1-L2 5 4
L2-L3 3 2
Loss of sensation T8 (T6–T10) T7 (T5–T10)
to cold
*Data presented as n or as median (range).
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Local anesthetic in the epidural space can affect
arousal via three mechanisms. First, it can induce
deafferentation of peripheral input. Second, it can
exert a direct local anesthetic effect on the brain by
rostral spreading in the cerebrospinal fluid; how-
ever, animal studies have demonstrated that there
is little cerebrospinal fluid spread of epidural
local anesthetic. Third, local anesthetic can be
delivered to the brain via systemic absorption,13
and administration of local anesthetic intraveno-
usly or intramuscularly has been shown to pro-
duce a sedative effect.14,15 However, it is not clear
that the sedative effect of epidural local anesthetic
is caused by systemic absorption. In the study of
Hodgson et al, the MAC-sparing effect of epidural
lidocaine has been found to be greater than with
the equivalent dose given intravenously.1 Our
present study demonstrates that epidural lido-
caine analgesia potentiates, probably via reduc-
tion of the sensory input and cortical arousal,
patient sedation, as evaluated by the AAI more
precisely, but not the RSS.
The differences in dose and concentration of
lidocaine have been demonstrated to affect the
extent and intensity of the epidural block.16,17 In
our present study, we did not find any difference
in AAI and VAS pain scores between the two dif-
ferent concentrations of epidural lidocaine for
pain control. The reason could have been that
both concentrations provided a similar upper level
of sensory blocks to cold and the same quality of
pain relief, and moreover, they showed little dif-
ference in neuraxial blockade. Higher lidocaine
concentration might be needed to observe any
difference in AAI and VAS pain scores; however,
2 % lidocaine might induce significant anesthesia
with unstable hemodynamics, which is not suit-
able for postoperative epidural pain control.
Our recent study has demonstrated that EMG
can increase AAI value in patients who are not re-
ceiving neuromuscular blocking agents while
being sedated in the ICU.18 A sudden appearance
of EMG signals often indicates a response to some
external stimuli, such as pain.19 Although our pres-
ent study did not establish a good correlation be-
tween EMG activity and analgesia scales, EMG
activity was decreased after epidural blockade,
which indicated an improvement in the analgose-
dation status, which could have directly affected
the AAI values.
The effect of opioids or other analgesics on the
auditory evoked response has not been extensively
studied. The AAI serves as a sedation monitor to
assess the level of consciousness; therefore, it is rea-
sonable to observe improvement in postoperative
analgosedation via epidural blockade by AAI read-
ings. In our opinion, the opioid effect on AAI value
is small and can be ignored at low doses, however,
a low sedative effect might be seen at high doses.
There are certain limitations and problems of
the AEP monitor that need to be considered when
it is used in the intensive care setting. First, sedation
for intensive care patients lasts longer than anes-
thesia. Although there is no evidence of damage of
auditory function under prolonged auditory stim-
uli (around 65 dB above the hearing threshold),
continued auditory stimulation for several hours
or days should be avoided. We suggest that con-
tinuous monitoring of AEPs should be interrupted
or changed to intermittent measurement when
prolonged monitoring is required. Second, the
clicking sound from the AEP monitoring over a
long period might disturb patients, especially those
under light sedation, which was not observed 
in our present study. Third, EMG contamination
and patient movement are artifacts during AEP
Baseline
0
A
A
I
20
40
60
80
100
PEL
30 min
PEL
60 min
PEL
90 min
Figure. Effect of different epidural lidocaine concentration
on A-line autoregressive (AAI). Both concentrations (A, 0.5%;
B, 1%) of epidural lidocaine produced a significant reduction
in AAI at 30, 60 and 90 minutes after drug injection when
compared with the baseline. PEL: post-epidural lidocaine.
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monitoring. We gave patients no stimulus during
the study period, to minimize artifacts to the great-
est extent possible. We suggest that AEP is an ob-
jective and effective consciousness level monitor.
Monitoring of AEPs under light sedation should
only be used for a short time when necessary.
One limitation of the present study was that we
sedated non-intubated patients with propofol. It
might be not necessary to sedate non-intubated
patients; however, the level of consciousness of
ICU patients is variable. Therefore, we controlled
the level of consciousness at an RSS value of 3,
with continuous propofol, to investigate the epi-
dural effect on consciousness assessment by AAI
values during the 90-minute study period.
In conclusion, the present study demonstrates
that epidural lidocaine analgesia potentiates the
sedation of patients, as evaluated by the AAI, but
had no effect on the RSS. It suggests that the AAI
provides an objective and more precise index than
the RSS for evaluation of the sedation level in pa-
tients who are undergoing epidural pain manage-
ment in the ICU. Using the AAI rather than the
RSS to evaluate sedation level, we could reduce the
use of sedatives in ICU.
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